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Abstract- -The JPL Channel Simulator lab has been m ^ 1 Hi * 1 fading 
duplex links and to allow the use of field propagation data 1 for link fad ^ 
This capability will be used to test equipment for the joint AUSSAT/NASA mobile 
satellite experiment in July, 1989. 


1. Introduction 

The JPL Channel Simulator was built by the Mobile Satellite Experiment 
rMSAT X) program to facilitate the end-to-end testing of components of a 
( nhi1e satellite link. The simulator was designed to simulate a one-way link 
with interfering sources, gaussian noise, and fading. Recently, modifications 
^ere ^ade to allow a full-duplex link to operate with field propagation dat^ 
This paper will describe the channel simulator, discuss the changes made a 
the rational for them, and describe the capabilities of the simulator. 


2. The Channel Simulator 

The channel simulator has been described before (Davarlan !»«):« 
wHl only discuss the features that have been upgraded Figure 1 P r °^ d * our 

channel interf erers . Each channel can independently undergo fading. auss ® 
noise can be added to the combined channels. The desired channel is then 

selected by the receiver. 

The Rician fading is accomplished by splitting the signal e q uall y into 
v nsthc rhe T ine-Of-Sight (LOS) path and the Rayleigh faded path. The 
Sleigh fading is accomplished by complex modulating the inphase (I) and 

quadrature (Q) components of the Input signal by a “"“^^“‘slgMl 

_ al The faded signal is then attenuated and combined with the LUS signa 

to B criate™he Rician faded signal. The Rician K factor, defined as the ratio 
of the LOS power to the Rayleigh power. Is set by step attenuators. 

To use the channel simulator, the MSAT-X terminal 
tcm / 8DPSK modem are used. The terminal processor provides PN data at 4800 bps 

tolhe'modemlwhich modulates the data. The ^de. proves an ! chapel and a 
characterization of the modem under fading conditions. 
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3. The Upgrades 


In July, 1989, the MSAT-X Propagation Measurement Van (PMV) will be 
conducting experiments with AUSSAT in Australia using the Japanese ETS-V 
satellite. A joint experiment with the National Communications Systems (NCS) 
was propose . This experiment involves using secure telephones (STU Ill's) 
hv 6 Rl t mk. To accomplish this requires an adapter designed and built 

y Electrospace, Inc. (ESI) and a JPL built MSAT-to-ESI interface board. Due 
° e act t at t e ESI equipment was not designed to work with the MSAT 
sys em it was necessary to test the complete system before traveling to 

*n«w rh*' ,1°;.^° GnSUre th3t the Australian Propagation environment would 
llo the establishment of secure communication, it was required that the 

system be tested under conditions present in Australia. To accomplish this 
required two changes to the channel simulator. 


First, to test the full system required the ability to do full duplex 
communications. A second receiver was constructed to allow the return link to 

GC \ ThG i desired channe l transmitter was used for the forward link 
and the co-channel transmitter, offset from the forward link by 100 KHz was 
used for the return link. * ' was 

Mon H S r° nd j; It te ffw nder Australian conditions required Australian propaga- 
rfh \ 1 ? i Z t0 USG it: - The P ro P a 6 at ^ on data was supplied by Dr. 

the^orm of g f H ° i he U , nlvarsit y of Texas (Vogel, 1989). This data was in 
500 / amp 1. 1 tu^e s from the nominal value; this data was sampled at 

500 samples/second. The Rayleigh fader was modified to use this data. 

To use the field data fading, the LOS signal is turned off. Instead of 
with fald O ^ Sig " al / ith the Sleigh data, the signal is modulated 

im PC/AT ^ n gene r , fr ° ra the field P ro P a S at i° n data (Figure 2). An 
IBM PC/AT with a Data Translation DT2828 dual channel Digital-to-Analog board 

was used to generate the data. The DT2828 provides a -10 to 10 volt capabili 
y, the nominal output value was set at 7 volts. All fades were done from the 
nominal value, with the I and Q channels being faded by the same value. 


4. The Testing 

testin^^Aft- 3 Provides a block diagram of the test configuration for the NCS 
. C Af f- er i verif y ln S the channel simulator full duplex link both with 

and without field data fading, the full secure link was tested. iue to “Jme 
constraints and initial problems with the various interfaces to the MSAT 
equipment, only one propagation data file was used, number 394. Figure 4 
p ovides a plot of the amplitude fades versus time for this file. The goal of 
the test was to achieve a secure link and maintain it with the field data 
fading and an E b /N Q , due to gaussian noise, of 11 dB. This goal was achieved. 


5. Conclusion 


The channel simulator is now capable of supporting a full duplex link 
using any propagation data to recreate the conditions a system will encounter’ 
,1 a J l0WS A US t ° 1 ?° lnt ° the fi6ld With the confidence that the NCS test will 

after e the n A USS S AT a la ' ■ A1S °’ an > 'improvements in MSAT equipment that are made 
after the AUSSAT experiment can be tested under actual field conditions. This 
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capability of the JPL Channel Simulator will allow measurements made by propa- 
gation experimenters to be directly used in designing and testing equipment 
for the MSAT system. 
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Channel Siraulator Block Diagram 
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Figure 2 

Fader Using Field Propagation Data 





































